INTRODUCTION
Chicory yellow mottle virus (CYMV) is a nepovirus isolated from chicory in southern Italy (Vovlas et al., 1971) . Like other nepoviruses described thus far (for a review see Murant, 1981) the genome of CYMV is probably divided, and consists of two RNAs of Mr 2"3 x 106 and 2"0 × 106, respectively (Piazzolla & Rubino, 1984) . Three serologically indistinguishable isolates of this virus have been described, designated CYMV-T, CYMV-C and CYMV-RS; they were all isolated from the same field in different years. Whereas RNA component analysis of purified CYMV-RS shows the presence of the two genomic RNAs only, preparations of purified CYMV-T and CYMV-C contain additional RNA components, the most prominent of which have estimated Mr values of 170 000 (170K) (CYMV-T only) and 500 000 (500K) (CYMV-T and CYMV-C) (Piazzolla et al., 1986) . The 170K RNA in CYMV-T was previously shown to be a satellite (Piazzolla & Rubino, 1984) .
In this report we show the results of experiments carried out to study the relationships among the different RNAs of this virus.
METHODS

Purification of CYMV.
All CYMV strains were propagated in squash (Cucurbitapepo L. 'Striata d'Italia') and purified according to Vovlas et aL (1971) .
RNA preparation andfractionation. Viral RNAs were prepared by phenol-SDS extraction of purified virus and ethanol precipitation (Kaper & West, 1972) . CYMV-T total RNA was centrifuged for 13 h at 36000 r.p.m, in an SW41 rotor in linear-log (0 to 32.5%) sucrose density gradients (Brakke & Van Pelt, 1970) .
RNA species were separated by collecting 0.4 ml fractions from the gradient, precipitated by addition of 5% (v/v) 4 M-sodium acetate (pH 6) and 2.5 vol. ethanol, and analysed using 1-2% agarose gel electrophoresis. P. PIAZZOLLA AND OTHERS Fractions containing 170K and 500K RNAs from CYMV-T were further purified by electroelution from the agarose gels, following electrophoresis in TBE buffer (90 mM-Tris, 90 mM-boric acid, 1 mM-EDTA, pH 8-3) of RNA denatured with 50~ deionized formamide and by heating for 5 min at 65 °C.
Northern blot hybridization. For Northern blot hybridization, following electrophoresis in 1.2~ agarose gels containing formaldehyde (Maniatis et al., 1982) , viral RNAs were transferred to Hybond-N membranes (Amersham). 32p-labelled cDNAs to CYMV-T 170K RNA and genomic RNAs were obtained by random priming with salmon sperm DNA and reverse transcription, according to Taylor et al. (1976) . The cDNAs were separated from unincorporated nucleotides by centrifuged gel filtration (Maniatis et al., 1982) or two ethanol precipitations, in the presence of 0-66 M-ammonium acetate and 0.5 mg/ml yeast tRNA. Alternatively, probes for both RNAs were prepared by nick translation of partial clones (approx. one-third length) in pTZ 18R (L. Rubino & C. O. Gualerzi, unpublished data) .
Hybridization experiments were carried out overnight at 42 °C in a mixture containing 5 × SSPE (1 x SSPE is 0-18 M-NaC1, 10mM-NaH2PO4, 1 mM-EDTA, pH 7-4), 5 × Denhardt's solution (1 x is 0-02~ each of bovine serum albumin, Ficoll and polyvinylpyrrolidone), 0.4 mg/ml salmon sperm DNA, 50~ formamide and approx. 105 c.p.m, of radioactive probe per cm 2 of membrane. Prehybridization buffer was the same as above but without radioactive probe. After hybridization, the filters were washed four times for 15 min in 2 x SSC, 0.1 ~ SDS, at 65 °C.
End-labelling of satellite RNAs. Radiolabelling of the 5' ends with [~-32p]ATP (New England Nuclear, 3000 Ci/mmol) and T4 polynucleotide kinase (Haseloff & Symons, 1981) was attempted with or without phosphatase treatment (Boehringer, used according to the supplier).
3' termini were labelled using [5'-32p]pCp (New England Nuclear, 2000 to 3000 Ci/mmol) and T4 RNA ligase (Bethesda Research Laboratories) (England et al., 1980) with or without hydrolysis in the presence of maleic acid, pH 2.0, and dephosphorylation with calf intestinal phosphatase (Buzayan et al., 1986) . (PiazzoUa et al., 1986) . Neither this 170K RNA nor a minor component trailing it can be found in preparations of CYMV-C RNA (Fig. 1,  lane 2) . Here, the most prominent band is a 500K RNA, which is also present in CYMV-T preparations. Both preparations show a minor component, which we have not identified, trailing the 500K RNA, and the genomic RNAs at the top of the gel.
RESULTS
Identification by gel electrophoresis
Northern blot hybridization
Northern blots of CYMV-T RNA gels probed either with denatured nick-translated probes or with cDNAs to 170K RNA (Fig. 2, lane 1) showed hybridization with 170K RNA, as expected, and weakly with 300K RNA, which could be a small amount of an encapsidated satellite dimer. The probes did not react with the genomic RNAs, thus confirming the satellite nature of the 170K RNA, nor did they react with the 500K RNA. Longer exposures of the membranes to the X-ray film did not reveal additional bands migrating more slowly than 300K RNA. This contrasted with our previous detection of several such bands in CYMV-T and CYMV-C preparations (Piazzolla et al., 1986) and suggests that in that work under non-denaturing conditions aggregates of the 170K and 500K RNAs had been observed.
Hybridization experiments carried out with probes to 500K RNA from CYMV-T showed that there was reaction with the homologous 500K RNA (Fig. 2, lane 2) and with 500K RNA from CYMV-C (results not shown), but not with the genomic RNAs. Thus the 500K RNA supported by CYMV-T is neither a subgenomic RNA nor a trimeric form of the 170K RNA, but could be a larger satellite RNA of a size range similar to others found in the nepovirus group (Francki, 1985) .
The above results were confirmed using cDNA to CYMV-T genomic RNAs as a probe in reactions with the total RNA of CYMV-T (Fig. 2, lane 3) and CYMV-C (results not shown). 
Characterization of the 5" and 3' termini
In order to characterize the 170K and 500K RNAs further, the accessibility of their 5' and 3' termini to radiolabelling was investigated. The 170K RNA could be labelled at the 5' terminus without any remarkable difference between phosphatase-treated and untreated samples (about 50% of the molecules were labelled), indicating that there is a free hydroxyl group at this terminus (Fig. 3) . The molecule could be labelled at the 3' terminus only after hydrolysis in the presence of maleic acid, at pH 2, and dephosphorylation with calf intestinal phosphatase (Fig.  4) . This indicated the presence of a cyclic 2',3'-phosphate at this end (Buzayan et al., 1986) .
Using the same procedures as above, attempts to 5' end-label 500K RNA were unsuccessful, with and without previous phosphatase treatment, suggesting that this end is blocked. However, 3' end-labelling was easily accomplished with 500K RNA, thus indicating that there is a free hydroxyl group at this end. Using standard enzymic sequencing procedures (Donis-Keller et al., 1977) a poly(A) tail about 15 nucleotides long was detected at this end of the molecule (Fig. 5 ).
DISCUSSION
The above results have provided evidence that CYMV can support the replication of two satellites of different size that lack nucleotide sequence homology with each other, as determined by hybridization techniques. A somewhat similar case seems to exist with tobacco necrosis virus (TNV), its satellite STNV, and an additional smaller satellite RNA encapsidated in the STNV coat protein (D. W. Mossop, quoted in Francki, 1985) . However, here we present a clear-cut example of two entirely different types of satellite, with respect to their structure, found in association with one nepovirus species, CYMV. Thus far these two different satellite types within the nepovirus group have been represented by the 359 nucleotide long satellite of tobacco ringspot virus (TobRV) (Buzayan et aL, 1986) , which can also occur in circular form (Linthorst & Kaper, 1984) , and the 1375 nucleotide long linear satellite associated with tomato black ring virus (TBRV) (Meyer et al., 1984) . More recently the satellite of arabis mosaic virus (ArMV) (Davies & Clark, 1983 ) was determined to be 300 nucleotides long with a hydroxylated 5' terminus and a 2',3' cyclic phosphate at the 3' terminus, and was also found to coexist with a circular form (Kaper et al., 1988) . We now also have evidence for the presence of a circular form of the 170K R N A in CYMV-T-infected tissue (unpublished work). satellite. The 500K RNA is a TBRV-like satellite, since we have found it has m R N A activity leading to the in vitro synthesis of a 45K to 48K protein (unpublished). In spite of some 25 years of study of the phenomenon of viral satellitism, the precise nature and mechanism of the satellites' replication dependence on the presence of the virus is still unknown. In the case of the two types of nepovirus satellites studied here, the probable virus-like replication mechanism in the TobRV category suggests two different kinds of replication support provided by helper viruses. What makes the CYMV system interesting, and perhaps unique, is that it seems to be capable of providing both types of replication support to its satellites. 
